UV irradiation of N-aroyl-N-1-cyclohexenyl-anilines involves a cleavage of vinyl nitrogen bond under oxidative condition, whereas 6H-5-phenyl/aryl-1,2,3,4-tetrahydrophenanthridine-6-ones are obtained when the reaction is performed non-oxidatively.
Introduction
The photochemical reaction of enamides, apparently as first demonstrated by Eschenmoser et al. 2 has been extensively utilized for the synthesis 3 of complex heterocycles, alkaloids and azasteroids. In connection with our interest for the photochemical studies on enamides [4] [5] [6] [7] [8] and other heterocyclic systems 9 , we envisaged to synthesize the hexahydrophenanthridones (6 
) -a potential molecule -by the oxidative irradiation of N-aroyl-N-1-cyclohexenyl-anilines [4 (a-g)].
But surprisingly, we found that the UV irradiation of the title compounds in the presence of iodine as oxidant (Scheme 1), led to a novel and unexpected cleavage of the vinyl nitrogen bond 8 of the parent enamides (4); and the product was found to be anilides [5 (a-e)]. However, the same experiment, when carried out with 4a in the absence of iodine for 25 h, afforded 6H-5-phenyl-1, 2,3,4-tetrahydrophenanthridin-6-one (6a) (Table) during photo-irradiation, the compound (4d) appeared to be inert. under photochemical condition and 4e produced some intractable oily material. The apparent lack of reactivity of 4d and 4e may be explained as follow:
i) the excited state of 4 is analogous to an azadiene system (4р-electron) and a dienophile unit (2р-electron) present in the cyclohexne moiety. The intramolecular photo-cyclisation of such type of compounds is a case of reverse electron demand Diels-Alder reaction. Thus, whenever an electron-withdrawing group such as nitro-(4d) or chloro-(4e) is present, the HOMO energy of the diene component increases and the LUMO energy of the dienophile unit also increases. This, therefore, causes the photocyclisation reactions very difficult, and as result of which the compounds 4d and 4e do not give any photocyclised products; ii) during photochemical cyclisation reaction of the parent enamide (4), the presence of orthosubstituent (e.g., nitro and chloro in 4) offers a considerable steric hindrance at the site of carbon-carbon bond formation in the transition state and the reaction, therefore, fails.
Incidentally, this is the first observation of б-cleavage for the proposed formation of anilides, and in order to substantiate the pathway for the formation of anilides, we have independently prepared the intermediate (7) as described in Scheme 2.
Scheme 2
As the anilides are only formed in the presence of iodine, we, therefore, reasoned the reaction probably involved an iodine radical induced isomerism of the double bond of the cyclohexane ring of 4, followed by a fission of C−N bond to give the anilides 5. This was established by irradiating 4a in the presence of N-bromosuccinimide (NBS) in methanol, whence we could isolate 5a in 53% yield. Furthermore, when 3-bromo-N-benzoyl-N-1-cyclohexenyl-Nphenylamine (7), prepared from 4a by the reaction of NBS in dark, was irradiated in methanol only for 3 h., it afforded 5a in 73% yield, showing the same to be a true intermediate in the reaction profile (Scheme 2).
The reaction thus proceeded through an allylic bromination or iodination to produce (8) and the loss of halogen radical during the reaction (Scheme 3) generated the radical (9) . This further gave rise to a new radical (10) and thence to the anilides (5).
It is known [10] [11] [12] that for enamide photocyclisation reaction the involvement of the lone pair of the nitrogen atom is necessary. In the present instance, such participation of the lone pair of the nitrogen atom is difficult as the same is experiencing a conjugative effect of the phenyl group attached to the nitrogen atom. Thus, the phenyl group in 4 is acting as a sink for the lone pair of nitrogen atom and hence, behaves as an electron-withdrawing group (EWG). This EWG effect of the phenyl ring makes the lone pair relatively unavailable for a smooth [2+2+2]-cycloaddition reaction. However, when the phenyl ring is replaced by a 4-methoxyphenyl group, this mesomeric effect on the lone pair of the nitrogen atom is nullified and the photocyclisation becomes easier and higher yields of hexahydrophenanthridones (6f and 6g) are obtained (Table) .
In the presence of only phenyl ring in the parent enamides (4a-e) as the lone pair is withdrawn, the photocyclisation becomes competitive with other alternate pathways leading to the anilides. In the absence of any radical initiator the enamide photocyclisation is the only available course of the reaction save Type I cleavage, to afford the highly conjugated hexahydrophenanthridones [6 (a-c, f, g]. The isolation of hexahydrophenanthridones is well documented in the literature. [13] [14] [15] It is also known in the literature the attachment of an electron-releasing group such as alkyl, allyl or benzyl to the nitrogen atom of an enamide enhances its reactivity towards the photochemical [2+2+2]-cycloaddition reaction (Reviews 2). On the other hand, when an an electron-withdrawing group (carbonyl or an aromatic ring) is linked with the nitrogen atom as the third valent unit, a reluctance in the photocyclisation is the consequence and the photochemical rearrangement becomes the major pathway. 2, 16, 17 However, the present study shows that even in the presence of an EWG (phenyl or aryl) on the nitrogen atom, a photocyclisation reaction occurs instead of a photo-rearrangement. This is notably a new observation and hence, a remarkable effect of the presence of EWG 18 on the nitrogen atom of enamides on the course of their photochemical reactions is observed, and to synthesize the hexahydrophenanthridones from N-phenyl/aryl substituted enamides, a non-oxidative procedure should be employed. 
Scheme 3 Table 1. Results of UV irradiation of N-aroyl-N-1-cyclohexenyl-anilines
Substrate (4) Method A(time in h) Yield of 5 mp in o C (solvent) IR (nujol)нmax (cm -1 ) Method B(time in h) Yield of 6 mp in o C (solvent) 1 H NMR (CDCl 3 ) д (ppm) † a
UV Irradiation of N-aroyl-N-1-cyclohexenyl-anilines [4 (a-g)]
Method A. A solution of 4a (1 g, 3.61 mmol) and iodine (0.92 g, 3.62 mmol) in dry methanol (350 mL) was irradiated for 8 h under nitrogen atmosphere at room temperature. The solvent was distilled off in vacuum and the crude product, after dilution with water (50 mL) was extracted with dichloromethane-ether mixture (3 x 30 ml). The combined organic layer was washed with saturated sodium thiosulphate solution (3 x 25 mL), alkali (5%, 2 x 20 mL), brine (4 x 25 mL) and dried (Na 2 SO 4 ). The residue so obtained after evaporation of the solvent in vacuum, on chromatography gave benzanilide (5a), in hexane-ethyl acetate mixture (4:1, v/v mixture) as eluent.
Method B.
A solution of 4a (1 g, 3.61 mmol) in dry methanol (350 mL) was irradiated for 25 h under nitrogen atmosphere and the crude product, obtained after the removal of the solvent in vacuum, on chromatography afforded 6H-5-phenyl-1, 2,3,4-tetrahydrophenanthridin-6-one (6a) in hexane-ethyl acetate mixture 
Irradiation of 3-bromo-N-benzoyl-N-1-cyclohexenyl-N-phenylamine (7).
A solution of 7 (0.5 g, mmol) was irradiated for 3 h in dry methanol (350 mL) under nitrogen atmosphere. Removal of the solvent gave a residue which on chromatography afforded 5a (202 mg, 73%) in ethyl acetate-hexane mixture (15%, v/v) as eluent. -N-benzoyl-N-1-cyclohexenyl-N-phenylamine (7) . The enamide (4a) (1.5 g, 5.4 mmol) was taken in dry carbon tetrachloride (35 mL) and to it N-bromosuccinimide (0.964 g, 5.4 mmol) was added. The reaction mixture was heated at 45 o C with stirring in dark, after which it was cooled and filtered to remove the succinimide. The residue was washed with dry carbon tetrachloride and the combined filtrate was further dried over sodium sulphate. The solvent was then removed in vacuum and a thick yellowish liquid was obtained, which on triturating with diethyl ether and light petroleum (40-60 o C) in ice-bath gave the bromo-enamide (7) 
3-Bromo

